INTRODUCTION
Biologists apply a broad suite of conservation prescriptions to compensate for human-induced declines in habitat quality. Nest boxes are widely used to enhance populations of cavity-nesting species including waterfowl (Savard 1988 , Newton 1994 , Pöysä and Pöysä 2002 , Savard and Robert 2007 , passerines (Nilsson 2008) , sea birds (Bolton et al. 2004) , and marsupials (Lindenmayer et al. 2009 ). The effectiveness of nest boxes is determined by a variety of factors including design (García-Navas et al. 2008 ), adjacency to key resources (Aitken and Martin 2004) , predation (Brightsmith 2005) , nest defense behavior (Rosvall 2008) , reproductive output of targeted species (Mátics et al. 2008) , and the extent that territoriality limits density (Duckworth 2006) .
The prairie pothole region is the most important in North America for breeding waterfowl. Although this region contains 10% of all suitable breeding habitat, it accounts for >50% of annual continental waterfowl production (Batt et al. 1989 ). Loss of wetlands in the prairie pothole region has conservatively resulted in a 50% decline in habitat since European settlement (Dahl 1990) . In Alberta, a survey of 398 waterbodies in the Prairie Pothole region also found that 80% of sites had reduced natural riparian areas and 32% had been completely cleared of woody vegetation between 1945 to 1974 (Merriam 1978) . For secondary cavity-nesters, such as waterfowl, direct effects of habitat loss are compounded by accompanying declines in populations of species that excavate cavities, such as large woodpeckers (Vaillancourt et al. 2009 ).
In 1989, a program began to deploy nest boxes across the Buffalo Lake Moraine of central Alberta to address a perceived lack of natural nesting cavities for Common Goldeneye (Bucephala clangula) and Bufflehead (Bucephala albeola; Potter 2004) . After 10 years, census data suggested local scale increases in densities of both species, whereas breeding densities of other waterfowl had either remained stable or declined (Murphy et al. 2004) . The extent that population increases in Bucephala species may be related to the provision of nest boxes was difficult to assess in part because increases in density of Bucephala could have resulted from larger scale increases, e.g., in North America, in the abundance of these species.
The present study had three objectives. First, we quantified temporal patterns in occupancy of nest boxes by Common Goldeneye and Bufflehead in the Buffalo Lake Moraine between 1989 to 2005. Second, we performed an experiment to determine whether the two species were limited by the availability of nest sites. Third, we quantified densities of Common Goldeneye and Bufflehead to evaluate evidence that the provision of nest boxes over the 16-year period influenced population sizes at the local scale, and compared these patterns to those of other waterfowl species. We predicted that (1) nest boxes would be rapidly occupied and that use by Common Goldeneye and Bufflehead would increase though time, (2) closure of nest boxes would not influence occupancy of wetlands by pairs of adult Common Goldeneye and Bufflehead because of high levels of nest site fidelity (e.g., Eadie 1989, Gauthier 1990 ) but would reduce numbers of broods, (3) reductions in numbers of broods because of nest box closure would be most pronounced for Common Goldeneye, who require larger, rarer cavities for nesting, compared with Bufflehead, and (4) deployment of nest boxes would coincide with local but not regional scale increases in occurrence and density of Common Goldeneye and Bufflehead, consistent with the hypothesis that deployment of nest boxes augments population sizes of both species on the Buffalo Lake moraine.
METHODS

Study area
The Buffalo Lake Moraine (1300 km²) is located in the aspen parkland ecoregion of central Alberta, Canada ( Fig. 1 ) and represents a highly homogenous knob and kettle topography of shallow water holding depressions. Prior to European settlement, it comprised a mosaic of grassland and groves of drought tolerant trees. Mean annual precipitation ranges between 400-500 mm (Strong and Leggat 1992) with open water on wetlands between April to October. The moraine can support densities of wetlands exceeding 20 per km² set within intensive and semi-intensive agricultural activities, primarily livestock grazing and to a lesser extent, cropping. Riparian zones adjacent to wetlands comprise narrow bands of aspen (Populus tremuloides), balsam poplar (Populus balsamifera), paper birch (Betula papyrifera), and willow (Salix spp.; Bailey and Wroe 1974) . Shrubs and young trees dominate, with low densities of large trees and snags to provide breeding sites for cavity-nesters. The age and size of riparian forests was controlled historically by Avian Conservation and Ecology 6(1): wildlife and drought (Hogg et al. 2005) . Recent influences include clearing for agriculture, livestock grazing, prescribed fires to remove brush and snags (Hood and Bayley 2003, Stavne 2005) , and a systematic 3.2 km x 1.61 km network of roads. Commercial forest harvesting is absent in the aspen parkland.
Temporal patterns in nest box occupancy
Nest boxes were first deployed on the Buffalo Lake Moraine for Common Goldeneye and Bufflehead in 1989 and 1991 , respectively (Potter 2004 Nest boxes comprised rectangular wooden boxes (height x width x depth: Common Goldeneye boxes = 80 cm x 27 cm x 65 cm; Bufflehead boxes = 60 cm x 18 cm x 45 cm) with oval entrance holes (Common Goldeneye: 8 cm x 10 cm, Bufflehead: 7 cm x 8 cm) located 15 cm below the top of the box (Potter 2004) . Boxes had a removable side to facilitate inspection to determine occupancy. Boxes were attached to large (diameter at breast height >20 cm) live trees within riparian zones so that entrance holes were ≥1.3 m above the ground level. Small nest boxes were attached to about 20% to 35% of all trees that received large nest boxes. In a few cases, two sets of nest boxes, i.e., one large and one small, or two large nest boxes were installed on an individual tree adjacent to large wetlands and sets were separated by ≥75 m to reduce interactions between pairs. Following installation, wood chips were added to boxes to form a 15 cm base of nesting material.
As part of a nest box program (Potter 2004) , nest box occupancy between 1989 and 2003 was determined by visually inspecting nest boxes for the presence of egg shells, yolk sacs, and unhatched eggs following fledging, i.e., fall -winter. Because evidence of nest box use was removed following inspection, the presence of eggs, egg shells, and yolk sacs the following fall-winter reflected use in the prior summer and not use in earlier years. Delays in assessing nest box use to the fall-winter could potentially underestimate estimates of nest box occupancy because of predation events that remove evidence of use. Because the predominant nest box predators in our study area, the raccoon (Procyon lotor) and American Mink ( 
Nest box manipulation
We conducted a nest box manipulation, using a single-stage cluster design (Hayek and Buzas 1997 ), in 2004 to test the hypothesis that Common Goldeneye and Bufflehead in the Buffalo Lake Moraine are limited by the availability of nesting cavities. Single-stage cluster designs assume that individual clusters do not overlap so that each study organism counted can only be present in one cluster (Hayek and Buzas 1997) . We fulfilled this assumption by ensuring that the alternating clusters of wetlands were separated by ≥800 m since Common Goldeneye seldom move broods between wetlands beyond this distance (Wayland and McNicol 1994 1B, C) . Because our primary concern was to establish clusters of wetlands that were at least 800 m apart, lengths of clusters ranged from 0.73 to 17.1 km, but did not differ (P = 0.57, P = 0.71 for Common Goldeneye and Bufflehead clusters, respectively) between the open vs. closed cluster treatments (Table 1) .
We determined if closure of nest boxes affected (1) numbers of pairs, (2) numbers of broods, and (3) brood sizes produced by Common Goldeneye and Bufflehead by visually surveying clusters every two to four days in June-July 2004. This period encompassed hatching dates for Common Goldeneye (June 17) and Bufflehead (June 26) in the moraine (Murphy et al. 2004 ). We surveyed once in August to record late-hatching broods. Surveys commenced at sunrise and concluded at noon or when conditions limited visibility.
Temporal patterns in densities of Common Goldeneye and Bufflehead
If nest box deployment resulted in local enhancement of population size, we predicted positive relationships between annual estimates of population density of Common Goldeneye and Bufflehead in the Buffalo Lake Moraine and "year" as use of boxes and duck numbers increased through time. Increases in the occurrence and density of both species coinciding with deployment of nest boxes over a 16-year period is consistent with the hypothesis that Common Goldeneye and Bufflehead are limited by the availability of natural nesting cavities, and that deployment of boxes may contribute to population gains. However, localscale changes in waterfowl populations can reflect larger scale, often regional or continental, shifts in population size. We evaluated whether possible increases in the occurrence and density of Common Goldeneye and Bufflehead reflected larger scale increases in population size by testing for relations between population size of Common Goldeneye and Bufflehead with year and wetland density at the larger regional scale of Stratum 26 (90,300 km²) of the United States Fish and Wildlife Service and Canadian Wildlife Service continental waterfowl surveys. If positive effects of nest box deployment were local, we expected no relationships or weak relationships between annual estimates of population density of Common Goldeneye and Bufflehead with year when measured at the larger regional scale.
Occurrence and breeding densities of Common Goldeneye and Bufflehead, and six other common waterfowl species in the Buffalo Lake Moraine were estimated along the six east-west road transects described in connection with the nest box manipulation. permanence (Class I-V; Stewart and Kantrud 1971) . We quantified densities of largely permanent (Class III to Class V) wetlands (number / km²) for each survey year by dividing the total number of wetlands counted within transects by the transect study area (64.1 km²). We expressed availability of wetland habitat based on density rather than total wetland area because density (1) is highly robust to annual and within seasonal variance in precipitation that alters the spatial, i.e., surface area, extent of wetlands, and (2) it allowed us to assess annual wetland abundance at the larger spatial scales of Strata 26, where satellite imagery required to estimate the spatial extent of wetlands is available at only 5 to 10 year intervals.
At the larger regional scale, we used density estimates for Common Goldeneye and Bufflehead Where required, data were transformed prior to analyses to fulfill assumptions of normality and homogeneity of variances.
Nest box manipulation
We tested the hypotheses that the mean (1) We queried for habitat attribute data from a native parkland vegetation inventory (Bjorge 2003 ) spatial geodatabase in ArcGIS and these data were used to compare habitat attributes of wetlands within open and closed clusters to ensure that responses to the manipulation reflected the treatment and not differences in habitat features of wetlands within clusters. We used Wilcoxon rank-sum tests to evaluate differences between the two cluster types in (1) cluster lengths, (2) area in deciduous forest (hectares), (3) wetland perimeter in deciduous forest (kilometers), (4) total area of wetlands (hectares), (5) total length of wetland shoreline (kilometers), and (6) number of more permanent wetlands.
Temporal patterns in population densities of Common Goldeneye and Bufflehead
To test for relations between densities of Common Goldeneye and Bufflehead and year (1989 to 2004) and wetland density at both the local scale (Buffalo Lake Moraine) and regional scale (Stratum 26), we conducted generalized linear model regressions using GLM in R version 2.11.1 (R Project for Statistical Computing, http://www.r-project.org). We constructed three models to represent what we suspected to be important in affecting Common Goldeneye and Bufflehead density in both local (Buffalo Lake Moraine) and regional (Stratum 26) scales. Models included "year", "wetland density", and "year + wetland density." We included "year" as a candidate variable because population sizes of Common Goldeneye and Bufflehead should increase over the 16-year study period if the availability of nest boxes and their adoption by females supplemented reproductive output from natural cavities. We expected that "year" would feature prominently among the most parsimonious regression models of Common Goldeneye and Bufflehead density at the local scale, but not at the larger spatial scale of Stratum 26, and that the model coefficients for "year" would be more strongly positive in the local-scale models compared to models derived for Stratum 26. We included "wetland density" as a candidate variable because it is a measure of the total amount of habitat available for breeding and is dependent upon local weather conditions that influence the spatial extent and depth of wetlands at both the local and regional scales. We used Akaike's Information Criterion for small sample sizes (AIC c ) to rank models within each set (Burnham and Anderson 2002) . Initial analyses showed that Akaike weights (w i ) were low (< 0.90) and that model averaging would be required to obtain a model-averaged parameter estimates and unconditional standard errors (Burnham and Anderson 2002) .
Lastly, we compared the occurrence and density of Common Goldeneye and Bufflehead with patterns in occurrence and abundance of six other representative waterfowl species between 1989-2004 (occurrence) and 1989-2003 (density) on surveyed wetlands on the moraine (1275-1444 sites depending on water conditions).
RESULTS
Use and temporal variation in the occupancy of nest boxes
Nest boxes were rapidly occupied by Common Goldeneye, Bufflehead, European Starling, and to Avian Conservation and Ecology 6(1): 1 http://www.ace-eco.org/vol6/iss1/art1/ a lesser extent red squirrels. Combined, these four species occupied 82% to 100% of large boxes and 53% to 94% of small boxes within a few years of deployment ( Fig. 2A) . Occupancy of large nest boxes by Common Goldeneye (185 to 271 boxes) and small boxes by Bufflehead (40 to 80 boxes) increased from about 10% to 85% and 8% to 31%, respectively, during the first 5 years following deployment (Fig. 2B) . Thereafter, occupancy ranged between 82% to 90% and 37% to 58% for the two species, respectively. Preliminary linear regression showed that percent occupancy of large and small boxes by Common Goldeneye and Bufflehead was unrelated to the number of boxes deployed in any one year (P = 0.86, P = 0.79, respectively).
In 2005 The majority of nest boxes that were not used by Bufflehead or Common Goldeneye were occupied by European Starlings (Fig. 2C) . Use of the large boxes by European Starlings decreased from 78% in 1989 to 26% in 1992, i.e., three years after deployment, and remained low (<10%) in the following 10 years. Use of small boxes by European Starlings declined from 73% in 1991 to 41% in 1993, but remained relatively high (annual occupancy = 18% to 47%) in subsequent years (Fig.  2C) . Correlation analyses showed that the percent occupancy of nest boxes by European Starlings was negatively related to occupancy by Common Goldeneye (r = -0.96) and Bufflehead (r = -0.75; Fig. 3 ).
Nest box manipulation
Mean numbers of pairs of Common Goldeneye and Bufflehead did not differ significantly (P = 0.87, P = 0.75) between clusters of wetlands with open nest boxes vs. closed boxes (Fig. 4) . Mean number of broods and brood sizes for Common Goldeneye and Bufflehead on clusters of wetlands with open boxes were significantly greater than on clusters with closed boxes (Fig. 4) . In relative terms, closure of nest boxes resulted in proportionately higher reductions in numbers of broods and brood sizes for Common Goldeneye (10 and 9-fold reductions, respectively) compared to the 3-fold reduction in numbers of broods and brood sizes of Bufflehead (Fig. 4) .
Habitat comparisons showed that open and closed wetlands clusters contained similar surface areas covered by deciduous forest and wetlands, lengths of wetland shoreline, perimeters of deciduous forest, and numbers of more permanent, Class III to Class V, wetlands (Table 1) . Thus, differences in the number and sizes of broods for both species were likely due to the experimental manipulation.
Percent of nest boxes occupied by Common
Goldeneye and Bufflehead were positively related to densities of Common Goldeneye (Percent occupancy = 18.9 + 19.8 density (F (1,5) = 10.3, R² = 0.67, P = 0.024) and Bufflehead (Percent occupancy = -39.3 + 21.4 density (F (1,5) = 21.2, R² = 0.81, P = 0.006). This suggests that new birds entered the Buffalo Lake Moraine between 1989 and 2004 and used nest boxes.
Temporal patterns in population densities of Common Goldeneye and Bufflehead
Between 1989 to 2004 densities (individuals / km²) of Common Goldeneye and Bufflehead in the Buffalo Lake Moraine ranged from 0.88 to 4.48 and 2.1 to 4.64 and from 0.02 to 0.34 and 0.35 to 0.89 at the regional scale of Stratum 26, respectively. During the same period, densities of wetlands ranged from 5.3 to 20.2 wetlands / km² in the Buffalo Lake Moraine and from 2.5 to 7.2 wetlands / km² at the larger regional scale of Stratum 26.
With the possible exception of the local scale models for Common Goldeneye (Table 2) Akaike weights (w i ) were divided among models, with no one apparent most parsimonious model. Modelaveraging resulted in estimates of parameters and unconditional standard error for each model set (Table 3 ). These data show that density of Common Goldeneye and Bufflehead were positively and most strongly related to year at the local-scale (coefficients = 0.24 ± 0.06 and 0.130 ± 0.049) compared with that at the larger spatial scale of Stratum 26 (coefficients = 0.005 ± 0.008 and 0.008 ± 0.009). These results suggest that population gains of Common Goldeneye and Bufflehead, coinciding with 16 years of next box deployment, is unlikely due to larger scale population increases of the two species at the regional scale. Densities of Bufflehead were positively related to wetland density at both the local and regional scales and for Common Goldeneye at the local scale, but not at the regional scale (Table 3) .
Positive local trends for populations of Common
Goldeneye and Bufflehead between 1989 and 2003 were also reflected in patterns of occurrence and density of the two species on >1250 wetlands surveyed along six transects on the moraine, especially relative to other common waterfowl (Fig.  5 ). Occurrence frequency of dabbling duck species, e.g., Mallard (Anas platyrhynchos) and Bluewinged Teal (Anas discors), decreased from 45% to 30% of wetlands, and diving ducks, e.g., Lesser Scaup (Aythya affinis) decreased from highs of 25% to only 12% of wetlands by 2003. In contrast, occurrence of Common Goldeneye increased and stabilized, expanding from 1% to 5% of wetlands, and Bufflehead from 6% to 9% with rapid increases between 1989 and 1995 ( Fig. 5) . Likewise, Common Goldeneye and Bufflehead were the only species that displayed multiyear trends of increasing density during the study period (Fig. 5 ).
DISCUSSION
Occupancy of nest boxes is often used to evaluate the extent that birds are limited by the availability of natural nesting cavities. Detecting true limitation of nest sites is inherently difficult. Locating natural cavity nests can be challenging in some habitat types (e.g., Vaillancourt et al. 2009 ), population density can be colimited by other factors, e.g., intraspecific competition for food, birds can switch from occupying natural nesting sites to artificial boxes (e.g., Gauthier and Smith 1987) , or nest box deployment can coincide with other larger scale, sometimes continental, factors that dictate population sizes. Few studies have attempted to demonstrate using experimentation the connection between various measures of breeding activity, the availability of nest boxes, and whether nest box deployment influence population size (Savard 1988 , Newton 1994 , Pöysä and Pöysä 2002 .
We examined evidence of nest site limitation for cavity-nesting ducks using a single-stage cluster design where select clusters of boxes were systematically closed while other clusters remained open. We predicted that closure of boxes would not influence occupancy of wetlands by pairs as adult Common Goldeneye and Bufflehead display high levels of nest site fidelity (e.g., Eadie 1989, Gauthier 1990 ) and birds were expected to occupy wetlands where they had nested previously, at least early in the season, prior to searching for alternate nesting sites elsewhere. As predicted, responses to nest box closure were more pronounced for Common Goldeneye compared with Bufflehead, suggesting that populations of the larger body size of Common Goldeneye may be more strongly limited by available nest sites. Deployment of nest boxes has been shown to establish breeding populations of Common Goldeneye in areas where the species was present but not reproducing (e.g., Coulter 1979, Dennis and Dow 1984) . A consistently lower occupancy rate of nest boxes for Bufflehead relative to Common Goldeneye suggests that more natural cavities are available for Bufflehead on the Buffalo Lake Moraine. Because of their smaller size, Bufflehead are able to nest in smaller, younger trees that are generally more available on the landscape and in smaller cavities (Gauthier and Smith 1987) .
In a study of cavity-nesting birds in the boreal mixed-wood forest of northern Alberta and Saskatchewan, Cooke (2009) Lower occupancy of nest boxes by Bufflehead compared with Common Goldeneye may also reflect differences in the outcome of competition with European Starling (Aitken and Martin 2004) that can cause egg mortality as they usurp boxes (Evans et al. 2002) . Starlings on the Buffalo Lake Moraine appeared to prefer small boxes designed for Bufflehead and occupied between 18% to 47%, even after 1992 when European Starlings annually occupied only <9% of the larger boxes designed for Common Goldeneye. In spring, European Starlings arrive on Buffalo Lake Moraine one to three weeks before Bufflehead. They are highly aggressive following egg laying and appear able to repel invaders including Bufflehead, from small but not large nest boxes (Potter 2004) .
Large and small nest boxes were often installed as pairs on the same tree for ease of monitoring and because large diameter trees were uncommon. Both Common Goldeneye and Bufflehead are strongly territorial through brood production (Savard 1984, Gauthier and Smith 1987) , and thus aggression by (Corrigan 2007) . Recall that overall these two species still remained uncommon, each occurring Avian Conservation and Ecology 6(1): 1 http://www.ace-eco.org/vol6/iss1/art1/ on < 10% of all wetlands on the Buffalo Lake Moraine (Fig. 5 ).
Numerous studies have shown that clutch size of Common Goldeneye is variable with females typically producing 7.4 to 10.3 eggs per nest (Eadie et al. 1995) . We found that average clutch size of Common Goldeneye in the Buffalo Lake Moraine in 2004 was >14% higher than other reported values, which may reflect a high background level of brood parasitism in a landscape where nest sites are limited. However, clutch sizes of Common Goldeneye and Bufflehead from wetlands in 2004 where nest boxes had remained open (mean ± SE: Common Goldeneye = 12.4 ± 0.5, Bufflehead = 4.8 ± 0.6) did not differ from that in 2005 when all nest boxes were open (Common Goldeneye = 11.6 ± 0.5, Bufflehead = 4.5 ± 0.4) and thus available nest sites doubled. Therefore, our experimental results did not simply reflect increased rates of brood parasitism with nest box closures, which is consistent with across year comparisons of brood size. Some researchers, e.g., Evans et al. (2002) , have proposed that deployment of nest boxes and subsequent competition and nest parasitism might create population sinks for cavity nesting waterfowl. Our study indicates that nest parasitism may have been common for Common Goldeneye and Bufflehead on the Buffalo lake Moraine but we have no evidence that it was affecting population growth.
A major constraint of our single year manipulation was that it precluded establishing definitive linkages between changes in the availability of nest boxes and population size. Observed reductions in numbers of broods and brood sizes in 2004 because of nest box closure were not accompanied by estimates of population size on the Buffalo Lake Moraine. Rigorous examinations of linkages between availability of nesting sites and population size require substantive experimental designs where the manipulation occurs across large spatial scales and over multiple years, and have been rarely completed (but see Pöysä and Pöysä 2002) . Our study provides indirect evidence that nest box deployment influences population sizes of Bufflehead and Common Goldeneye by demonstrating (1) 3-to 10-fold reductions in numbers of broods and brood sizes because of nest box closure, (2) increases in occurrence and density over a 16-year period coinciding with nest box deployment, and (3) local increases in populations of the two species on Buffalo Lake Moraine that were not simple manifestations of increases in the size of regional populations. That the occurrence and density of Common Goldeneye and Bufflehead in the moraine tended to increase across the study period, contrary to nearly all other waterfowl and wetland birds surveyed, is further evidence that nest boxes were attracting pairs and supporting breeding of Bucephala species even in the face of a general decline of habitat quality for waterfowl locally and perhaps regionally (Corrigan 2007) .
The Alberta Conservation Association produces nest boxes used on the Buffalo Lake Moraine which are then deployed and maintained by volunteers.
Boxes are inexpensive to construct (Can$15) and last 10-15 years. The program offers a cost effective means of conserving local populations of two waterfowl species, with no indication that the program negatively affects coexisting ducks and waterbirds (Corrigan 2007) . Protection of existing pond-side forest stands, including dead and dying trees, augmented by the planting of aspen, represents a long-term transition from nesting cavities provided by artificial boxes to cavities produced by natural forest processes.
Responses to this article can be read online at: http://www.ace-eco.org/vol6/iss1/art1/responses/
